Reaction of UF6 with graphite was reported relatively early times in the history of syntheses of graphite intercalation compounds (1) . Nevertheless, characterization of the compounds has not been reported in detail. In this work the reactions of UF6 and b-UF5 with graphite were examined and the structures of the compounds are discussed based on the results of X-ray powder diffraction.
1. Experimental Uranium hexafluoride (UF6) was prepared by fluorinating UO2 (Furukawa Denki Kogyo, depleted uranium) in a nickel metal reaction vessel at around 500dc, and then distilled in a monel metal container after evacuating volatile gases at 0dc. The b-UF5 was prepared by irradiating a gaseous mixture of UF6 and carbon monoxide (Takachiho Kagaku Kogyo, spectroscopic grade) in a Pyrex glass bulb with UV light of a mercury lamp (Hitachi UM-102) (2) . Hydrogen fluoride (Daikin Kogyo, purity 99% or more) was dried over K2NiF6 (OzarkMahoning) to remove a trace amount of water. Elemental fluorine (Daikin Kogyo, purity 99.7 %) was used as supplied. No impurities were detected by IR spectroscopy in the gaseous samples ( ?? 200 mmHg) transferred to a gas cell with silver chloride windows. The SP-1 graphite powder (Union Carbide, made by the pyrolysis of methane, particle size; 100 mm, purity 99.4%) was placed in a quartz container and heat-treated in vacuo (10-7 mmHg) at 800dc overnight in order to eliminate the adsorbed water. Cleaved HOPG (highly oriented pyrolytic graphite, Union Carbide) specimens were occasionally used for a host material.
Reactions were carried out in Pyrex glass tubes of 10 ml nominal volume connected to a vacuum line made of stainless steel (SUS316) through Whitey valves with compression connecters.
Reactions using HF were carried out in translucent fluorocarbon polymer tubes (FEP, Sugai Giken) or chlorofluorocarbon polymer tubes (KelF, Sugai Giken). Graphite was weighed in a dry argon glove box (Miwa, MDB-2BL-T1000, water and oxygen contaminations are always monitored and maintained less than 500 ppb) and put in a tube pre-passivated with fluorine.
After the attachment of a valve with a compression connecter, the tube was taken out of the glove box and connected to a vacuum line. Gaseous metal fluorides were transferred to the reaction tubes by condensation. All the reactions were performed at ambient temperature using large molar excess reactants such that a liquid or a solid phase was present until the end of the reaction. When fluorine was added to the reaction system, its partial pressure was kept around 1 atm. The mixture was stirred during the reaction with a small magnet coated with Teflon.
Graphite and reactants were interacted with each other for 4 to 20 days. After the evacuation of the residual volatile materials for several hours, the tube was disconnected from the line and transferred into the glove box. The samples were weighed, and then provided for X-ray diffration measurement.
Solid phase reaction of b-UF5 and graphite was made by pressing the mixture in a Teflon container in the glove box.
The X-ray diffraction powder patterns of the compounds sealed in a quartz capillary in the glove box were obtained with a DebyeScherrer camera using Ni-filtered Cu Ka radiation.
Results and Discussion
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SHORT NOTE (R. Hagiwara et al.)J. Nucl. Sci. Technol., original graphite in the vacuum stable bluish black product obtained after two to three weeks interaction of UF6 and graphite. The lines appeared in the pattern were mainly those ascribed to b-UF5 (low temperature form) (3) . This impurity prevents precise estimation of the UF6 uptake in the graphite by simple gravimetry.
Taking account of the fact that UF6 is a powerful fluorinating agent(4), b-UF5 is considered to be formed as a result of the fluorination of the surface carbons by UF6 in addition to the electron oxidation of graphite. The intercalation was very sluggish and b-UF5 was not detectable when HOPG, having much smaller surface area than that of powdered graphite, was used as a host material. This is reasonably explained by the mechanism of UF6 formation described above.
There is no doubt that UF6 spontaneously reacts with graphite as reported in the earlier work'''. The reaction would be a direct electron oxidation of graphite by UF6:
Cx+UF6->CxUF6.
(1)
The line ascribed to the graphite compound detectable in the X-ray powder pattern was indexed as the 001 and 002 reflection (based on the hexagonal system, repeating distance, lc=8.5 A) of the first stage. This repeating distance coincides with the sum of the thickness of the graphite layer (3.35 A) and the height of UF6-along its three fold axis (5.15 A, see Fig. 1 ) within the experimental error. The UF6-(Oh) whose F-F distance is 2.8 A(5) would be too large to 'nestle' in the graphite hexagons (the distance between the two centers is 2.46 A). drogen fluoride, the reaction was completed in two days at ambient temperature. The X-ray powder diffraction revealed the compound obtained is the second stage. The repeating distance of 11.85A was calculated from the (003) and (004) lines (Fig. 1) . The height of the intercalant inthe gallery is again calculated to be 5.15A.
Besides the intercalation compound and excess b-UF5, UF4 and U2F9(5) were detected in the pattern. Disproportionation of UF5 to UF6 and UF4 takes place above 125dc (6) . The possibility of solvolysis of UF5 to UF6 and UF4, in anhydrous hydrogen fluoride was examined at 30dc and denied, direct reaction of UF6, being ruled out.
So the reaction is written as follows :
Oxidizing power of UF5 is considered to be insufficient to form the first stage compound. -REFERENCES-
